Although their existence is not yet confirmed observationally, intermediate mass black holes (IMBHs) may play a key role in the dynamics of galactic nuclei. In this paper, we investigate how a small reservoir of IMBHs influences the secular dynamics of stellar-mass black hole binaries in a nuclear star cluster, using N -body simulations. We show that the IMBHs significantly enhance binary evaporation by pushing the binaries into the Hill-unstable region of parameter space, where they are separated by the SMBH's tidal field. For binaries in the S-cluster region of the Milky Way, IMBHs drive the binaries to merge in up to 1-6% of cases, assuming five IMBHs within 5 pc of mass 10 4 M each. Observations of binaries in the Galactic center may strongly constrain the population of IMBHs therein.
INTRODUCTION
Galactic nuclei are dense stellar environments in the central parsec of galaxies, hosting several important astrophysical phenomena. Supermassive black holes (SMBH) reside in their centers, which are surrounded by a complex structure of gas, stars and stellar mass black holes (Genzel et al. 2010 ). Many of those stellar mass black holes may be members of binaries (Hailey et al. 2018) , whose secular evolution is affected by several factors, including Lidov-Kozai oscillations, precession induced by general relativistic effects or by the mass of the stars enclosed by the orbit around the massive black hole, stellar encounters, two-body and resonant relaxation, non-sphericity of the nuclear stellar cluster, etc. (Antonini & Perets 2012; Pfuhl et al. 2014; Alexander 2017; Petrovich & Antonini 2017a ). These effects may collectively drive the binaries to merge or disrupt (Stephan et al. 2017; Hoang et al. 2018; Hamers et al. 2018) . By the latter we mean that the binary breaks apart and its members continue to orbit independently around the SMBH thereafter, and not that the individual stars suffer tidal disruption.
Lidov-Kozai oscillations operate in hierarchical three body configurations consisting of a tight 'inner' binary (e.g. a stellar mass black hole binary with total mass between ∼ 10 and ∼ 100 M ) whose barycenter revolves around a third body (i.e. in this study an SMBH, with mass between ∼ 10 5 and ∼ 10 10 M ) on a much wider orbit. In this case, the eccentricities and the mutual inclination between the inner and outer orbital planes exhibit quasi-periodic variations at fixed semimajor axes (see Naoz 2016 for a review and Hamilton & Rafikov 2019a,b for a more general approach of the phenomenon). The Lidov-Kozai mechanism is especially efficient if the initial mutual inclination is close to 90
• . In the case of an eccentric outer orbit (i.e. the eccentric Lidov-Kozai mechanism), the inner eccentricity can be excited up to extreme values very close to unity for a wide range of initial inclination, as the (chaotic) dynamics is dominated by the octupole-order perturbation (Lithwick & Naoz 2011) . If the inner binary consists of BHs and/or neutron stars (NSs), the very close approach at periapsis can result in either a gamma ray burst detectable with electromagnetic observatories or a powerful emission of gravitational waves that leads to merger, potentially detectable with existing and fu-ture detectors such as LIGO 1 , VIRGO 2 , KAGRA 3 , and LISA 4 (Antonini & Perets 2012; Stephan et al. 2017; Hoang et al. 2018; Hamers et al. 2018) .
Galactic nuclei may also host intermediate mass black holes (IMBH) with mass between ∼ 10 3 and 10 4 M beside the supermassive (SMBH) and the stellar mass black holes. Their existence is not yet observationally confirmed, but there are several candidates (see Mezcua 2017 for a review). Possible theoretical scenarios for their origin include formation from very massive Population III stars (Madau & Rees 2001) , runaway mergers in dense clusters (Portegies Zwart et al. 2006) , dynamical interactions of binaries containing a stellar mass black hole (Giersz et al. 2015) or formation in accretion disks around SMBHs (Goodman & Tan 2004; McKernan et al. 2012 McKernan et al. , 2014 . If they exist, they may have important effects on the dynamics of the galactic nucleus (Yu & Tremaine 2003; Mastrobuono-Battisti et al. 2014; Arca Sedda et al. 2019; Wang et al. 2019) . Girma & Loeb (2018) predicted astrometric biases in the position and proper motion of the central massive black hole and the nuclear star cluster induced by IMBHs, which might be detectable by the next generation of telescopes (see also Gualandris et al. 2010) . If these IMBHs formed in globular clusters that sank into the Galactic center to within 10 mpc of the SMBH via dynamical friction, then the observed distribution of the S-stars may be explained by this mechanism Arca-Sedda & Gualandris 2018 , however see Mastrobuono-Battisti et al. 2014) . Such scenarios result in a few IMBHs in the central parsecs (Portegies Zwart et al. 2006) , however, their mass distribution and overall number is still highly uncertain. Their presence in the Galactic Center may be observationally tested in the future with pulsar timing (Kocsis et al. 2012) .
In this paper, we investigate the impact of IMBHs on the dynamics of a compact object binary (COB, including either black holes or neutron stars) around a central supermassive black hole (SMBH) with direct Nbody simulations. In particular we examine how the IMBHs affect the Lidov-Kozai oscillations of COBs and quantify the fraction of binaries that are destroyed, i.e. either disrupted or merged together.
COB mergers are of special interest since the beginning of gravitational wave astronomy (The LIGO Scientific Collaboration et al. 2018) . However, the evolu-tion and mergers of COBs in galactic nuclei have been previously examined by neglecting the effects of IMBHs (Hopman 2009; Pfuhl et al. 2014; Antonini & Perets 2012; Stephan et al. 2016; Petrovich & Antonini 2017b; Hoang et al. 2018; Hamers et al. 2018; Hamers & Samsing 2019; Fragione & Antonini 2019; Trani et al. 2019) .
The paper is organized as follows. In Section 2 we describe the adopted model of galactic centers, COBs, and IMBHs. In Section 3 we introduce the numerical techniques to simulate the evolution of the systems. We present our results in Section 4, and conclude in Section 5.
COBS AND IMBHS IN THE GALACTIC CENTER
We consider the following model shown schematically in Fig. 1 : a tight COB (inner orbit) revolves around the central SMBH (outer orbit) constituting a hierarchical triple system. This system is perturbed by a small number of IMBHs. We use the subscripts 1 and 2 for the orbital elements of the inner and outer binary, respectively, and the subscript 3 for the orbital elements of an IMBH around the SMBH which perturbs the COB+SMBH triple system. This system represents a nested configuration of triples where the SMBH and the center of mass of the COB comprise triples with each IMBH, respectively.
We make two sets of calculations. In the first we fix the initial orbital elements of the COB+SMBH hierarchical triple and draw the orbital elements of the IMBHs in a systematic survey of simulations. In the second set, we randomly select the parameters of the COB+SMBH and the IMBHs.
A representative system
To highlight a representative system, consider an COB+SMBH triple with orbital elements a 1 = 10 AU, a 2 = 10 4 AU,
• , e 1 = 0.5, and e 2 = 0.6, where a, e, ω, and Ω denote the semimajor axis, eccentricity, argument of periapsis and ascending node, respectively (for a reference, the innermost S-star, S2 has a semi-major axis a S2 ≈ 10 3 AU, Gillessen et al. 2017) . The masses are set to m COB = 10 M + 20 M and m SMBH = 4.6 × 10 6 M .
Intermediate mass black holes
For the IMBH eccentricities we assume thermal equilibrium.
According to Szölgyén & Kocsis (2018) , the orbital planes of the IMBHs may be expected to settle in a disk due to vector resonant relaxation ( Kocsis & Tremaine 2015) and become 'anisotropically mass-segregated'. However, as the expected level of anisotropy is currently poorly understood, in this work we assume isotropic initial distribution for their orientation, i.e. uniform distribution in ω, Ω and cos i, where i is the inclination angle of the orbital planes of the IMBHs measured from the reference plane used in our simulations. We note that in some cases IMBH orbits can be so eccentric that they cross that of the outer binary (see Fig. 4 ).
We randomly draw five IMBHs in the relevant region of the nucleus (between a 3,min and a 3,max , defined below) with mass m IMBH = 10 4 M each. For the distribution 5 of the IMBHs in the galactic center we adopt the predictions of dynamical simulations by MastrobuonoBattisti et al. (2014) :
which is consistent with the distribution produced by strong mass segregation (∝ r −α with 2 < α < 11/4, see ; possibly up to ∝ r −3 , Keshet et al. 2009 ). The minimum separation between an IMBH and the SMBH, a 3,min is considered to be the distance at which GW-induced merger time equals the 5 Note that this distribution is a function of the distance from the center (r), but the interval limits are meant as semi-major axes.
Hubble time: (Peters 1964) 6 :
We specify a 3,max as the maximum distance where the secular effect of the IMBH is nonnegligible. In particular, we calculate the timescale on which IMBHs can induce significant changes in the outer orbital elements of a COB via secular (Lidov-Kozai) mechanism. The timescale of the interaction (e.g. Naoz 2016) on which the binary-2 oscillates is
where G is the gravitational constant. We set a 3,max to be the distance at which the timescale given in Eq. (3) equals the Hubble time. For the Galactic Center, we get
For e 3 = 1/ √ 2, the median of the thermal distribution, we get a 3,max = 1.04 × 10 6 AU or 5.04 pc.
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In Appendix A we show that in a significant fraction of cases (79% for the representative system), at least one IMBH is on a radially crossing orbit with respect to the COB orbit around the SMBH. While all of the simulated systems are initially stable, they are influenced by the IMBH population secularly very efficiently as we will show.
Allowed range of COB configurations
Here we consider the possible COB configurations where the Lidov-Kozai effect may play a role and draw the orbital parameters randomly as follows 9 . Following Stephan et al. (2016) and Hoang et al. (2018) we choose a uniform probability distibution function for e 1 (Raghavan et al. 2010 ) and thermal for e 2 (Jeans 1919) in the (0, 1) range. We draw a 1 from a loguniform distribution in the (0.1, 50) AU range, which is motivated by Sana et al. (2012) .
We draw a 2 from a loguniform distribution between a 2,min and a 2,max . Here a 2,min = 124 AU is chosen to be 6 We evaluate this expression for e 3 = 0. 7 Note that in the nested configuration, a 2 represents an inner binary and a 3 is the outer binary 8 Note that the value of a min and amax are calculated with e 1 = 0.5 and e 2 = 0.6, while in our simulations these values are varied. 9 m COB and m SMBH are set as in Sec. 2.1 the distance where the gravitational wave inspiral time into the SMBH T GW on which COBs are removed equals the relaxation time T rel on which COBs may be replenished from the outer parts of the nuclear star cluster (Gondán et al. 2018) . Here (Peters 1964 )
where we subsituted e 2 with its median for the thermal distribution 1/ √ 2 and (Spitzer 1987 )
where m COB is the total mass of the COB, m * ≈ 1 M is the stellar mass, ln Λ ≈ 15 is the Coulomb logarithm, and n ≡ ρ/m * , σ is the velocity dispersion of the stellar environment ( 
We set the maximum semimajor axis of the COB orbit around the SMBH arbitrarily to a 2,max = 2.48 × 10 4 AU or 0.12 pc. For this value, the binary evaporation time due to stellar encounters (Binney & Tremaine 2008) 
is related to the Lidov-Kozai timescale as T ev = 841 T LK,1 (see Eq. (11) below) for a 1 = 8.02 AU, which is the expectation value of the inner semi major axis distribution defined above. Given that we integrate the system for 500T LK,1 , the disruptions due to stellar encounters may be typically neglected (Trani 2019) . 
NUMERICAL METHOD
For investigating the dynamical effect of IMBHs on a COB+SMBH triple system, we use the code AR-CHAIN (Mikkola & Tanikawa 1999) , which is a direct 10 Note that there is a typo in Eq.
(11) of Kocsis & Tremaine (2011) .
The correct formula is σ(r) = 280 km s −1 0.22 pc/r 1 − 0.035(r/0.22 pc) 2.2 .
11 Note that since the LK timescale increases with distance from the center more rapidly than the evaporation time, therefore the binaries are not disrupted before the LK effect takes place in the inner regions.
integration code based on the algorithmic regularization method (Mikkola & Aarseth 1990 ) and treats also postNewtonian terms up to 2.5 order (Mikkola & Merritt 2008 ; for more technical details and applications see Arca-Sedda & Capuzzo-Dolcetta 2017 and Arca-Sedda & Gualandris 2018). The IMBH subsystem is evolved self-consistently, taking into account the interactions of the IMBHs with each other, the SMBH, and the COB.
The most important simplifying assumption in this work is to neglect the interactions with the surrounding nuclear star cluster, which means that our simulations lack apsidal mass precession, dynamical friction, resonant relaxation (Rauch & Tremaine 1996) , resonant dynamical friction, interactions with a molecular torus. Many of these simplifying assumptions may fail depending on the orbital parameters of the COB, the cluster mass, torus mass, and IMBH mass. The dynamical friction timescale for IMBHs is T DF 7 × 10 5 years (calculated for a 3 = 1 pc), which may be less than the simulation time in some cases (see below). Similarly, the effects of apsidal and nodal precession may be significant (Chang 2009; Šubr et al. 2009 ), especially for anisotropic clusters (Petrovich & Antonini 2017b) .
We leave the investigation of the combined effects of the embedding stellar environment and IMBHs to future work.
In what follows, we examine the 'survival probability' in order to express how likely it is for a typical COB to remain intact around a SMBH against the perturbation of IMBHs. The survival probability is expected to decrease with time, since the more time the IMBHs perturb the COB, the more probable it is that they succeed in destroying the COB either through collision or disruption. In order to see how it depends on the orbital elements of the particular triple model (Section 2.1), we systematically vary the initial value of one of the orbital elements while keeping the rest fixed as follows. Masses are fixed for all simulations: m COB = 10 M + 20 M , m SMBH = 4.6 × 10 6 M , m IMBH = 10 4 M , and so are the initial arguments of the periapsis: ω 1 = 30
• , ω 2 = 10
• . We run four sets of simulations as summarized in Table 1 . In set [1], we vary e 1 from 0.0 to 0.9 while we initially fix a 1 = 10 AU, a 2 = 10 4 AU, e 2 = 0.6 and i = 75
• . In set [2], e 2 is varied from 0.0 to 0.7 and a 1 = 10 AU, a 2 = 10 4 AU, e 1 = 0.6, i = 75
• . In Set [3], we vary i between 0
• and 180
• , while a 1 = 10 AU, a 2 = 10 4 AU, e 1 = 0.5 and e 2 = 0.6. Set [4] varies a 2 /a 1 from 600 to 900 and has e 1 = 0.5, e 2 = 0.6 and i = 75
• . For each COB orbital element choice, we run 100 simulations by randomly assigning IMBH orbital elements Table 1 . The number of compact object binary mergers and disruptions recorded in the simulations. The fiducial COB parameters are a1 = 10 AU, a2 = 10 4 AU, e2 = 0.6, ω1 = 30
• . In each set, only one orbital parameter is changed as shown. For each COB, the number of all runs with different initial IMBH realizations is also indicated. Initially unstable configurations are denoted with a dash.
from the distributions given in Section 2.1.
12 Each simulation is evolved for 500 Lidov-Kozai oscillations, where one cycle lasts (analogously to Eq. (3))
Here the subscript '1' refers to the oscillations of orbit 1.
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In order to filter out systems that are initially unstable, we run a simulation for each triple parameter set without the IMBHs. We eliminate those COBs that do not survive 500 Lidov-Kozai oscillations in isolation. We note that the initial instability of the COB can also be caused by the proximity of an IMBH, therefore we also filter out those systems which are initially within the Hill sphere of any of the IMBHs. We restrict our ananlysis and conclusions to systems which are initially stable and we run a total of ∼ 3200 simulations.
4. RESULTS Fig. 3 illustrates two representative examples for the eccentricity and semi-major axes evolution of a COB around a SMBH in the presence of 5 IMBHs. In the first case (left panel), the triple shows modulated oscillations. The modulation is mostly due to the quadrupole order Lidov-Kozai mechanism which produces oscillations with almost constant amplitude in the inner eccentricity 12 We omit a small number of runs that fail due to numerical issues.
For the exact number of runs see the values in Table 1 . 13 Note that Eq. (11) gives only an order-of-magnitude estimate for the Lidov-Kozai oscillation timescale for isolated hierarchical triples. Given that our systems are perturbed, 500T LK,COB does not mean exactly 500 peaks in the e 1 oscillation curve.
and mutual inclination for isolated triples (see Fig. 2 ).
Here the binary survives for the 500 T LK,1 integration time. In the second case (right panel), the perturbation from the IMBHs leads to the disruption of the COB within less than 500T LK,1 (i.e. its inner eccentricity goes beyond unity). Fig. 4 highlights the level of hierarchy of the COB and IMBHs orbiting the SMBH for the representative system shown in the second case of Fig. 3 . The SMBH-COB-IMBH triple is clearly not hierarchical as two of the five IMBHs are on initially radially crossing orbits with respect to the COB orbit around the SMBH. A similar non-hierarchical configuration is not uncommon. For the assumed power-law distribution for the IMBH semimajor axis (Eq. (1)) and the thermal distribution for their eccentricity, there is a ∼21% probability that at least one IMBH's periapsis is smaller than the apoapsis of the outer COB orbit's.
Figs. 5-8 show the survival probability as a function of time for different orbital parameters of the triple.
14 We find only a weak dependence on e 1 , e 2 , and i, as long as e 2 and a 1 /a 2 are sufficiently small to avoid an immediate disruption. For e 2 > 0.7 or a 2 /a 1 < 600 (not shown) the COB is immediately disrupted.
In Table 1 we list the number of stellar mass black hole mergers and disruptions we recorded in each of our simulation sets. The merger probability among the simulated sample shows that it is of the order of a few per cent. It is highest (≈ 6%) for e 1 = 0.9 or e 2 = 0.2 (note however the small-number statistics). The disruption Table 1. probability is much larger, between 34% and 60%. We denote with a dash the initial parameters which lead to an initial instability even without IMBHs.
Of all COBs described in Section 2.3, 20% were disrupted and 2% merged.
The disruption mechanism
We found that the presence of 5 IMBHs within ∼ 10 6 AU (∼ 5 pc) can significantly decrease the number of COBs (by roughly 40-50%) within 500T LK,1 , which corresponds to a few × 10 5-6 years, depending on the orbital parameters (Table 1) . We argue that most of the COB disruptions are caused by the SMBH once the IMBHs drive the COB close to the SMBH.
The parameter region for Hill-unstable COBs in the vicinity of a SMBH is given by Hill (1878)
(see also Grishin et al. 2017 ). The IMBHs may drive the triple from the stable region to the unstable one where the inner binary eventually gets disrupted by the tidal force of the SMBH. An alternative possibility is that the COB members merge with each other. To illustrate this argument, in Fig. 9 we plot the a 2 /a 1 vs. e 2 trajectories for the systems shown in Fig. 3 . The parameter space is divided into a stable and an unstable region according to Eq. (12). In the first case the triple system starts from a stable configuration and the IMBHs decrease e 2 corresponding to an even more stable configuration, and the binary remains intact within 500T LK,1 . However, in the second case the trajectory eventually crosses into the unstable zone where it is finally broken apart tidally by the SMBH.
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The COB evolution shows that a 2 /a 1 is mostly constant. This is expected as the effect of the IMBHs' orbit-averaged torques accumulate in a way to change the outer angular momentum of the SMBH-COB binary, i.e. e 2 , but they cannot change the semimajor axis of either the COB (Rauch & Tremaine 1996; Kocsis & Tremaine 2015) . As in resonant relaxation, the orbitaveraged effect may be represented by smearing out the COB and the IMBH mass over their orbits. The orbital energy is conserved under the perturbation of a stationary mass distribution. However, unlike in Hamers et al. (2018) where (vector) resonant relaxation slightly facilitates mergers, here it typically triggers binary disruptions.
In Fig. 10 , we plot the final parameter space position of the eventually destroyed systems shortly (one numerical timestep) before their disruption for the representative COB system of Section 2.1 in the left panel and the COB distributions of Section 2.3 in the right panel. Both panels show that most of the disrupted systems become Hill unstable. We note that the Hill disruption does not necessarily need high initial inner eccentricity (e 1 ): the eccentricity peak above unity in Fig. 3 is the consequence of being disrupted, i.e. changing the orbit from bound ellipse to an unbound hyperbola.
This implies that the IMBHs typically do not directly disrupt binaries but they play an indirect role in the COB's disruption by driving the binaries to the region where they are torn apart by the SMBH. Only in a few cases are the COBs driven into the Hill sphere of the IMBHs.
Hypervelocity stars
We check whether the compact objects remain bound to the SMBH after the disruption or they escape the nuclear star clusters as hyper-velocity stars (HVSs; Brown 2015). We found that in 99.4% of the disrupted systems (i.e. 1526 out of 1535 simulations) both the compact objects remain bound to the SMBH, which is different form what Hills (1988) found: in that scenario one of the binary members is kicked out from the system and is substituted by the SMBH (exchange mechanism).
The fraction of escaping compact objects can be explained with the following rough analytical argument. During the disruption of the COB E COB ≈ Figure 3 .
The evolution of the internal eccentricity, the inner and outer semi-major axes of a mCOB = 10 M + 20 M COB under the gravitational influence of a SMBH (mSMBH = 4.6 × 10 6 M ) and five IMBHS (mIMBH = 10 4 M each) for two different realizations of the initial orbital parameters in the two panels. The initial COB parameters are given in Table 1 and e1 = 0.0, e2 = 0.6. IMBHs were chosen from the distribution described in Section 2.1. The eccentricity exhibits rapid Lidov-Kozai oscillations. In comparison, an isolated triple would produce oscillations with almost constant amplitude in the inner eccentricity, mutual inclination, and semimajor axis (see Fig. 2 ). Deviation from this expectation is mostly due to the presence of the IMBHs. The horizontal black dotted line represents unity. The COB in the left panel survives but that in the right panel gets disrupted as the COB eccentricity increases beyond unity. Gm COB /(2a 1 ) energy is converted to the individual orbital energies of the compact objects. If this amount of energy is larger than E 2 ≈ Gm SMBH /(2a 2 ) they may be ejected from the SMBH's potential well, i.e. a 2 /a 1 m SMBH /m COB . In order to satisfy this formula and that of Hill instability (12) at the same time,
is required for ejection. As the left-hand side is roughly 2.8 × 10 3 , e 2 has to be very close to unity, which is satisfied only in a small part of the parameter space. The main cause of HVSs is the rare close encounters of the IMBHs with the COBs. If we extrapolate the results for ≈ 10 6 stars in the nucleus, of which 30% are in binaries, then IMBHs may generate a few hundred HVSs in approximately 2 Myr. Thus, according to our simulations, IMBHs in the Galactic nucleus may contribute significantly to the formation of the observed HVSs. However, these estimates may be sensitive to the assumptions on the binary orbital parameters.
Mergers
The Lidov-Kozai mechanism is also known for its efficiency in driving the eccentricity to very high values at fixed semimajor axis. This leads to the decrease of the periapsis of the inner binary, which may cause its members to eventually collide. Among the number of disruptions, Table 1 lists the number of mergers as a function of the initial parameters in the four sets of simulations. Not surprisingly, the COB mergers take place for inclinations between i = 80
• and 100
• , where the Figure 6 . Survival probability as a function of time for initial outer eccentricities as shown. The orbital parameters correspond to simulation set [2]: mCOB = 10 + 20 M , mSMBH = 4.6 × 10 6 M , a1 = 10 AU, a2 = 10 4 AU, e1 = 0.6, ω1 = 30
• .
Lidov-Kozai effect is known to be most efficient (Naoz 2016) . Furthermore, mergers also favor high initial inner eccentricities (6% mergers for e 1 = 0.9 for the given a 1 and a 2 values, although note the low number statistics).
DISCUSSION AND CONCLUSION
In this paper we have investigated the effects of IMBHs on the evolution of COBs in the nuclear star cluster around a SMBH. We found that a reservoir of 5 IMBHs may have catastrophic effects on such binaries. In many cases the IMBHs drive variations of the orbital eccentricity of the COB center of mass around the SMBH until the SMBH's tidal field disrupts the binary. The survival probability decreases by roughly 50% within ∼ 500 Lidov-Kozai oscillations of the COB-SMBH system, which corresponds to less than a Myr for the S-cluster region of the Galactic Center. In most cases at least one IMBH is on a radially crossing orbit with respect to the COB's orbit around the SMBH.
We also found that in 1% of the binary disruptions caused by the IMBH, at least one of the binary stars be- a 2 /a 1 =600 a 2 /a 1 =700 a 2 /a 1 =800 a 2 /a 1 =900 Figure 8 . Survival probability as a function of time for different outer COB semimajor axis a2 between 6 × 10 3 AU and 9 × 10 3 AU. The orbital parameters correspond to simulation set [4]: mCOB = 10 + 20 M , mSMBH = 4.6 × 10 6 M , a1 = 10 AU, e1 = 0.5, e2 = 0.6, ω1 = 30
• , ω2 = 10
comes a hypervelocity star. This may contribute significantly to the hypervelocity stars observed in the Galaxy (Du et al. 2019) .
The perturbation of the IMBHs may also lead to the merger of the inner binary members with a few per cent probability. Chances are higher if the system is in the Lidov-Kozai inclination window (i.e. i ≈ 90
• ) and if the initial inner eccentricity is also high.
Interestingly, the simulations show that the IMBHs perturb the orbits and ultimately cause their disruption very efficiently on a surprisingly short Myr timescale, which is much shorter than the secular quadrupole Lidov-Kozai timescale of the SMBH-COB-IMBH systems given by
(14) The reason that the IMBHs have such a large influence on the COBs on a much shorter timescale is that in most simulations (i.e. 79%, see Appendix A) at least one IMBH is on a radially crossing orbit with respect to the COB's orbit around the SMBH. In this case the system is non-hierarchical and the secular quadrupole Figure 10 . Left: The semimajor axis ratio and outer eccentricity of the disrupted COB+SMBH triples of Section 2.1 shortly before their destruption for different realizations of the IMBHs in the cluster. Hill stability curve is shown for reference. Right: All of the eventually destroyed systems but for the more general COBs configurations of Section 2.3. In both panels, most systems lie in the Hill-unstable region, implying that the IMBHs perturb the COB in such a way that the tidal force of the SMBH finally tears it apart.
Lidov Kozai timescale cannot be applied. A lower limit for the IMBH's interaction timescale may be obtained by the ratio of the COB outer angular momentum and the torque exerted on it by the IMBH:
(15) The timescale of the disruptions in the simulation lies between these two estimates τ IMBH and τ SMBH−COB−IMBH .
These results are subject to the following main caveats. We assumed an ad hoc number of IMBHs, namely N = 5 IMBH of m IMBH = 10 4 M each distributed within ∼ 5 pc of the central SMBH. While these assumptions do not violate any observations or theories about their origin, it is possible that the numbers and masses of the IMBHs are smaller. We also neglected the interaction with the stars of the nuclear cluster, i.e. dynamical friction and Newtonian mass precession. The dynamical friction timescale of the IMBHs is estimated to be ≈ 10 5 years (Rasskazov & Kocsis 2019) , while the Newtonian mass precession timescale of the outer binary is t 2prec ∼ 3 × 10 4 years (Kocsis & Tremaine 2015) . Dynamical friction makes the orbits of IMBHs shrink which strengthens their influence on the COB while the apsidal precession decreases the efficiency of secular effects. While apsidal precession may quench the secular Lidov-Kozai effect, it may lead to a close approach of the COB with the IMBHs for those on radially crossing orbits, leading to their destruction. Nevertheless, the assumption of neglecting the nuclear star cluster may be justified in galaxies with a massive spheroid (M sph ≥ 3 × 10 10 M ), where nuclear star clusters are not observed (Scott & Graham 2013) .
In future work we plan to include dynamical friction on the IMBHs, Newtonian mass precession and vector resonant relaxation due to the nuclear star cluster, explore a larger region for the COBs orbit around the SMBH in the nuclear star cluster and investigate how a more or less populated IMBH reservoir would modify our conclusions. Figure 11 . Left: The region of IMBH semimajor axis and eccentricity space where the IMBH orbit is radially not overlapping with the COB orbit. Right: The probability of having at least one IMBH on a crossing orbit as a function of log ra2 assuming a total number of NIMBH IMBHs. The different curves refer to different IMBH number in the cluster.
is obtained by integrating ρ a ρ e over the shaded area in the left panel of of 
For the representative COB defined in Section 2.1, we have r a2 = 1.6 × 10 4 AU and for the IMBHs we assume that α = −2.32, a min = 0.0012120 pc and a max = 5.04 pc (see Section 2.2), which yields p ≈ 0.79, which implies that the probability of crossing for a given IMBH is p ≈ 21%.
If there are N ≥ 1 IMBHs in the star cluster, then the probability that neither one is on a crossing orbit is p N and that at least one is on a crossing orbit is 1 − p N . For the representative COB of Section 2.1, the probability of at least one IMBH out of five on a COB-crossing orbit is ∼ 70%. The right panel of Figure 11 shows the probability of having a radially crossing IMBH as a function of the COB apoapsis for different number of IMBHs. Given N IMBH = (1, 3, 5), the COB apoaspis with respect to the SMBH must be smaller than (0.17,0.04,0.025) pc, respectively, to ensure no IMBH is on a crossing orbit with at least 70% probability.
